Objective: To determine the normative, baseline performance and psychometric properties of the Child Sport Concussion Assessment Tool 3 (Child-SCAT3) in 5-to 13-year-old athletes.
INTRODUCTION
Sport-related concussion (SRC) is common across ages, with up to 3.8 million children and adults sustaining a sportrelated or recreation-related concussion annually in the United States. 1 Formalized assessment tools and clinical management guidelines are widely used for adolescent and adult athletes with SRC. [2] [3] [4] [5] One of the more commonly used assessment instruments is the Sport Concussion Assessment Tool 3 (SCAT3), a multidimensional sideline assessment tool validated in high school and collegiate athlete populations. 2 Yet, a major gap exists in the literature on younger athletes (ie, those in elementary or middle school), who sustain a substantial proportion of SRCs. 6 As assessment of children with SRC requires unique considerations, there remains a need to develop and validate instruments for pediatric populations. [7] [8] [9] Those special considerations involve a host of physiologic, developmental, and psychosocial factors that may affect children's risks for and recovery after SRC. 7, [10] [11] [12] [13] [14] [15] [16] When assessing children, practicalities such as whether to obtain parent input and how to incorporate developmental expectations into test interpretation need to be considered. 9 Because of the numerous considerations unique to children, the attendees at the most recent (2012) International Concussion in Sport Group conference concluded that assessments of children with SRC are likely to require involvement from pediatric neuropsychologists. 2 It was at this meeting that the group first developed a child version of the SCAT3 (Child-SCAT3) intended for use in athletes 5 to 12 years old. The Child-SCAT3 retains the major components of the SCAT3 (eg, symptom ratings; cognitive and postural stability assessment) while adjusting items for younger children. Although no data have been published on the instrument across all targeted ages, data reporting relative difficulties on components of the SCAT3 for middle versus high school students suggest that the Child-SCAT3 may be needed for this developmental level and below. 17, 18 Additionally, other research on the assessment of children's mild traumatic brain injury symptoms reinforces differences in children's abilities to report their symptoms and the importance of considering parent input. 19 The aim of this study was to demonstrate the typical performance of youth athletes on the Child-SCAT3, including documentation of factors that predict baseline performance and the reliability of scores. A secondary aim was to examine the comparability of symptom ratings gathered through multiple means, including self-report and parent-report of Child-SCAT3 symptoms and, for 10 to 13 year olds, selfreported symptoms on the Child-SCAT3 versus SCAT3. Our overarching goal was to provide preliminary evidence regarding the utility of the Child-SCAT3 to inform practitioners and facilitate development of evidence-based practice in pediatric concussion assessment.
METHODS

Subjects
Participants were 5-to 13-year-old football and soccer players in southeastern Wisconsin who enrolled in the study from October 2013 to June 2015. Although the Child-SCAT3 is labeled for use in 5-to 12-year-old athletes, we also enrolled 13-year-old subjects participating in the middle school teams recruited. After excluding 2 participants for neurologic disorders associated with cognitive impairment, 155 subjects were available for analysis (Table 1 displays  sample characteristics) . Other developmental or psychiatric disorders were included to provide findings representative of the population [Notably, the prevalence of these disorders in our sample was similar to or lower than population estimates (American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders. Fifth ed. Washington, DC: American Psychiatric Association)]. The study was approved by the Institutional Review Board at the Medical College of Wisconsin. Participants received a coupon for a local frozen custard shop for completing the assessment.
Procedures
Athletes were tested at their team practice fields.
Research assistants trained in all assessment procedures tested near the fields, spaced adequately to avoid significant distractions between subjects being examined simultaneously. All assessments were conducted one-on-one, with 62.3% of assessments conducted during the subjects' practices, 31.2% before practice, and 6.5% after practice.
Parents completed informed consent, the Child-SCAT3 symptom checklist (Symptoms-C-Parent), and a questionnaire to gather subject and family demographics and subject health history information. All subjects completed the Child-SCAT3 2 and the Peabody Picture Vocabulary Test-4 (PPVT-4) 20 in counterbalanced order across subjects. Subjects aged 10 to 13 years also completed the SCAT3 symptom checklist, with the order of questionnaire administration counterbalanced (Child-SCAT3, PPVT-4, SCAT3; or SCAT3, PPVT-4, SCAT3). A subset of the sample completed the Child-SCAT3 at a second time point. For all symptom checklist administrations, subjects were provided with a written copy, were verbally read the items, and were allowed to respond by either stating or pointing to their responses.
Assessment Measures
Child-SCAT3
The Child-SCAT3 comprised 3 major components: a symptom checklist, a brief neurocognitive screen (child version of the Standardized Assessment of Concussion, or SAC-C), and a balance examination, as well as a 1-point finger-to-nose coordination test. Like its SCAT3 counterpart, the symptom checklist asks subjects to rate their symptoms now (if on day of injury; today if later) but with differing lists of items and response choices. Because the instruction for baseline testing is not specified, we opted to ask athletes to rate their symptoms "now" to mirror the standard instructions on the SCAT3 form. In particular, children rate 20 symptoms on a 0 to 3 (never; rarely; sometimes; often) scale (symptom severity score range, 0-60). Parents rate their perception of their children's symptoms over the past 24 hours. Selfreported and parent-reported Child-SCAT3 symptoms are referred to herein as Symptoms-C-Self and Symptoms-CParent, respectively.
The SAC-C produces a 0 to 30 score with higher scores representing better performance. In comparison with the adult SAC, the SAC-C uses simpler orientation and concentration items (digits backward trials starting at 2 instead of 3 digits; stating days of the week in reverse instead of months of the year). The balance examination comprised the double-leg stance and tandem stance of the adult mBESS as well as a required tandem gait assessment in lieu of the single-leg stance required in the adult mBESS. To determine how children perform on the adult mBESS, the single-leg stance trial was administered, allowing computation of both 2-trial child (mBESS-C) and 3-trial adult (mBESS-A) scores. mBESS-C scores range from 0 to 20 (higher scores reflect more imbalance). The tandem gait assessment requires subjects to walk heel-to-toe down a 3-m line and back and is scored as the fastest time (seconds) across 4 trials. Finally, the coordination examination requires subjects to perform 5 consecutive finger-to-nose trials within 4 seconds and awards credit on pass/fail basis.
SCAT3 Symptom Checklist
The SCAT3 symptom checklist comprised 22 items rated on a 0 to 6 scale, labeled as none (0), mild (1-2), moderate (3) (4) , and severe (5-6). Subjects rate how they feel now. The symptom severity score used in these analyses represents the sum of item-level responses (range 0-132). As athletes self-reported these symptoms, this variable is entitled Symptoms-A-Self below.
PPVT-4
The PPVT-4 assesses receptive vocabulary and was included to estimate general intellectual functioning. 21 Subjects view 4 pictures at a time and select the picture that best matches a target word. Age-adjusted standard scores (M = 100; SD = 15) were used in analyses.
Data Analysis Age and Gender Effects
Analyses used age as a continuous variable to maximize statistical power. However, to facilitate interpretation of effects, descriptive statistics are presented in Table 3 collapsing age into discrete groups. Our primary aim was to evaluate the degree to which Child-SCAT3 performance varied by age and gender. Preliminary analyses, however, revealed differences among age levels in PPVT-4 performance [Age main effect F(1150) = 4.57, P = 0.034]. Thus, each SCAT3 component was assessed using an Age · Gender · PPVT-4 analysis of covariance (ANCOVA), with age centered on the sample mean (10) and PPVT-4 standard scores on the normative mean (100). All 2-way interactions were tested, but nonsignificant interactions were trimmed in the Results section.
Effect sizes reported reflect partial eta-squared (h 2 p ). Post hoc tests and descriptive statistics are presented where needed to interpret effects.
Reliability
Internal consistency of the symptom ratings was evaluated using Cronbach's alpha. Test-retest reliability and alternate forms reliability (Symptoms-C-Self vs Symptoms-A-Self) were computed using Pearson correlations. Inter-rater reliability (Symptoms-C-Self vs Symptoms-C-Parent) was evaluated using intraclass correlations (ICC; 2-way, mixed, absolute agreement).
RESULTS
Effects of Age, Gender, and PPVT-4 Performance Symptoms Table 2 displays results of the Age · Gender · PPVT-4 ANCOVAs performed. Table 3 lists descriptive statistics summarizing the performance of the sample as well as each age and gender group. Both self-rated and parent-rated Child-SCAT3 symptoms were associated with child age, yet in opposite directions-younger children self-reported more symptoms than older children (h 2 p = 0.037), but parents rated more severe symptoms for older than younger children (h 2 p = 0.046). Across the sample, subjects with lower receptive vocabulary skills (PPVT-4 standard score) endorsed more symptoms (h 2 p = 0.048). For the selfreported SCAT3 symptoms (Symptoms-A-Self) rated by 10-to 13-year olds, an interaction between age and gender was present such that a main effect of age was present for females but not males [female age F(1,26) = 6.98, P = 0.014 vs male age F(1,73) = 1.87, P = 0.176], with older females reporting greater symptom burden than younger females (h 
Balance
Main effects of gender were present for both mBESS-C (h performed better than males). Older athletes performed better than younger athletes on the mBESS-C (h 
Coordination
Only 8 subjects (5.2%) failed to achieve a passing score on the finger-to-nose examination, so findings on this measure are reported in descriptive terms. These subjects ranged in age from 7 to 12 and the gender distribution was similar to that of the overall sample (78% male).
Effects of Other Demographic Variables
Exploratory analyses (1-way ANOVAs) were undertaken to evaluate whether other demographic and procedural variables predicted Child-SCAT3 measures. These results are preliminary based on the small samples sizes of subgroups but were thought to be of clinical interest. Variables with frequencies # 5 were not examined. Race (white vs nonwhite) and ethnicity (Hispanic vs non-Hispanic) were unrelated to any Child-SCAT3 component (Ps . 0.092). History of nonmigraine headaches was associated with higher Child-SCAT3 symptom ratings both for self-report [headache history vs none Ms (SDs) = 14.69 (7.45) vs 10.33 (7.99), P = 0.039] and parent report [Ms (SDs) = 17.07 (9.35) vs 7.23 (7.74), P , 0.001]. History of concussion was modestly Symptoms-C-Self and Symptoms-C-Parent reflect Child-SCAT3 symptom severity scores for self-ratings and parent ratings, respectively. Symptoms-A-Self reflects self-reported symptom severity from the adult SCAT3. *Significant main effect of age found on this variable. †Significant main effect of gender found on this variable. ‡Interactive effect related to age or gender (see Table 2 and prose). mBESS, modified Balance Error Scoring System (-C, child form; -A, adult form); SAC-C, Standardized Assessment of Concussion (child form). Bolded where P , 0.05. *Administered to children aged 10 to 13 years old only; Child-SCAT3 and Adult-SCAT3 refer to symptom severity scores. mBESS, modified Balance Error Scoring System (-C, child form; -A, adult form); PPVT, peabody picture vocabulary test-4 Standard Score; Symptoms-C-Self and Symptoms-CParent reflect Child-SCAT3 symptom severity scores for self-and parent-ratings, respectively. Symptoms-A-Self reflects self-reported symptom severity from the adult SCAT3. SAC-C, Standardized Assessment of Concussion (child form). When testing occurred (before, during, or after practice) was unrelated to symptoms or balance although it was associated with some SAC-C scores. In particular, small effects of administration time were observed on SAC-C Total (P = 0.001, h 
Reliability Analyses Internal Consistency of Symptom Ratings
The internal consistency of Child-SCAT3 symptom ratings was good for self-ratings (Cronbach's alpha = 0.89) and excellent for parent ratings (alpha = 0.93). Internal consistency of self-reported SCAT3 symptoms was excellent (alpha = 0.94) [Cronbach's alpha for the Child-SCAT3-Self in this older (10-13 year old) cohort was nearly identical to that of the overall sample (alpha = 0.90)].
Test-Retest Reliability
A subsample of 57 athletes (age, 9-13; 84.2% male) completed the Child-SCAT3 a second time (test-retest interval M = 64.3 days; SD = 62.9; range, 14-208). Stability was good for Symptom-C-Self ratings (Pearson r = 0.77), modest for the SAC-C total score (r = 0.50) and tandem gait (r = 0.46), and poor for mBESS-C (r = 0.02) Based on a recommendation that children be baseline tested every 6 months due to ongoing development 7 we recomputed stability coefficients for those 48 athletes whose test-retest interval was within 6 months. This had no marked effect on the stability coefficients reported: # 6-month stability for symptom, SAC-C, tandem gait, and mBESS-C scores r = 0.76, 0.51, 0.48, and 20.02, respectively.
Inter-rater and Alternate Forms Reliability of Symptom Severity
Inter-rater reliability (Symptoms-C-Self vs Symptoms-C-Parent) was fair (ICC = 0.35). Alternate forms reliability (Symptoms-C-Self vs Symptoms-A-Self) was stronger, albeit still modest (r = 0.56).
DISCUSSION
The current study provided preliminary data regarding the normative performance and psychometric properties of the Child-SCAT3 in athletes ages 5 to 13. Statistically significant, small-to-medium effects of age were observed on all Child-SCAT3 components (selfreported and parent-reported symptoms, SAC-C, and balance), whereas effects of gender and verbal intellectual functioning were observed on select components. Data on the adult SCAT3 symptom checklist and mBESS-A revealed that older (vs younger) females reported more symptoms (among the 10-13-year olds who received this checklist) and female athletes performed better on the mBESS-A than males (across all ages). Good to excellent internal consistency reliability was observed across symptom rating scales and modes of administration (Symptoms-C-Self, Symptoms-C-Parent, Symptoms-ASelf). Test-retest reliability of the Child-SCAT3 facets was more variable, with good stability of self-reported symptom ratings but modest stability of SAC-C scores and tandem gait and very poor mBESS-C stability. It is possible that range restriction contributed to the low stability of mBESS-C scores [M (SD) = 1.36 (1.60) errors].
It is worth drawing attention to the fact that the effects of age and gender reported, although statistically significant, are of variable degrees of relevance in terms of clinical importance. For example, the effect of age on baseline symptom score seems to be driven primarily by elevated ratings in the 5-to 7-year-old cohort, with relatively small differences in mean symptom score (about 1.5 points) between the 8-to 13-year-old cohorts. Table 3 can be referenced to determine the raw magnitude of group differences across measures. The table also highlights the common finding that baseline (pre-SRC) symptom severity ratings are nonzero (9.5-13.5 depending on the age group in this sample), thereby providing a normative reference to facilitate clinicians' decisions about when concussed athletes' have experienced recovery from SRC-related symptoms.
Interestingly, the direction of the effects of age on self-reported versus parent-reported Child-SCAT3 symptoms was in opposite directions: parents reported greater symptom burden for older versus younger children, whereas younger children self-reported more symptoms than older children. At a minimum, this highlights the importance of obtaining both parent and child symptom reports and developing age-appropriate norms for both modes of symptom assessment. Controlling for age, children with lower verbal intellectual functioning (ie, receptive vocabulary) also self-reported greater symptom burden. Taken together, these findings imply that children with more limited vocabularies manifested more acquiescent endorsement of symptoms.
These findings raise the possibility that the symptom information provided by our younger subjects was of questionable validity, a possibility consistent with a broader literature identifying challenges in obtaining accurate reports from young children. There is an inherent social pressure for children to respond to adults' questions, a phenomenon thought to account for why they provide answers to knowingly bizarre questions. 22 Children provide especially biased responses to discrete (eg, yes/no) questions [23] [24] [25] [26] and have been shown to have difficulty making frequency judgments as required by the Child-SCAT3. 27, 28 Consequently, it is considered best practice when interviewing young children to maximize the use of open-ended questions and engage in preinterview "ground rules" discussions to allow children to practice saying "I don't know" and asking for clarification. 29 The format of the Child-SCAT3 administration and response choices, as well as the unclear developmental level needed to understand item content, may make use of the symptom checklist in its current form challenging for children early in their schooling (perhaps those under 7 at a minimum). Anecdotally, our research team found it confusing to ask children to rate their symptoms now on a frequency-based rating scale and reported perceived confusion on the part of 5 to 6 year olds in particular when rating their symptoms. Although we read all items aloud to subjects, users should be even more cautious when asking children to read the questionnaire themselves (the Flesch-Kincaid reading level varies from grade 0.0 to 9.9 across items, M = 2.6) (Flesch-Kincaid values derived using Microsoft Word 2010). The recently developed Postconcussion Symptom Inventory (PCSI) is an example of a measure that considers some of the important nuances of the assessment of young children. Developed through careful consideration of varying abilities of schoolaged children and modern psychometric techniques, the PCSI has 3 different forms (for children aged 5-7, 8-12, and 13-18), with more limited item content and response choices for younger children. 19 Beyond symptom ratings, our findings of at least moderate effects of age on the SAC-C imply that ageappropriate norms are needed. Given the reported data on the adult SCAT3 symptom checklist and the mBESS-A, further study of the SCAT3 in middle school athletes may be valuable. The descriptive statistics provided serve as useful referents to clinicians using the Child-SCAT3; however, these data only represent an initial step toward the development and validation of the instrument for children of varying ages. The limited sample size precluded us from presenting normative performance tables at the level of granularity expected in pediatric populations, and the particular characteristics of our sample (predominantly white, with high-average estimated intellectual ability) may not mirror other populations to a degree needed to use these data as definitive norms. Furthermore, our data support others' findings that athletes' performance can be negatively affected by recent physical exertion and the distracting testing environment characteristic of the sport sideline, implying that future Child-SCAT3 studies should take into account such contextual factors. [30] [31] [32] [33] [34] Finally, as stated earlier, several developmental considerations make use of the current Child-SCAT3 symptom checklist potentially problematic with very young children and underscores the importance of also obtaining parent report, especially for children under 8 or 10 years of age.
Despite these limitations, these findings-representing a well-characterized sample of youth athletes-shed light on a number of factors that seem relevant toward child athletes' performance on the Child-SCAT3 (and components of the SCAT3) and point to the estimated performance level of elementary and middle school children on the Child-SCAT3. With ongoing refinement and study of the instrument and careful consideration of developmental factors, the field will move in the important direction of improving available methods for assessment of youth athletes.
